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ABSTRACT
Background: The Functional Movement Screen (FMS™) has been suggested for use in predicting injury risk in 
active populations, but time constraints may limit use of the screening test battery. Identifying one component 
of the FMS™ that can predict which individuals may perform poorly on the entire test, and therefore should 
undergo the full group of screening maneuvers, may reduce time constraints and increase pre-participation 
screening utilization.

Purpose: The purpose of this study was to determine if performance on the FMS™ overhead deep squat test 
(DS) could predict performance on the entire FMS™. 

Study Design: Cohort study.

Methods: One hundred and three collegiate athletes underwent offseason FMS™ testing. The DS and adjusted FMS™ 
composite scores were dichotomized into low performance and high performance groups with athletes scoring below 
2 on the DS categorized as low performance, and athletes with adjusted FMS™ composite scores below 12 categorized 
as low performance. Scores of 2 or above and 12 or above were considered high performances for the DS test and 
adjusted FMS™ composite score respectively, and therefore low risk for movement dysfunction and potentially, injury.

Results: Individuals categorized as low performance as a result of the DS test had lower adjusted FMS™ composite 
scores (p < 0.001). DS scores were positively correlated with adjusted FMS™ composite scores (ρ = 0.50, 
p < 0.001). Binomial logistic regression identified an odds ratio of 3.56 (95% CI: 1.24, 10.23, p = 0.018) between DS 
and FMS™ performance categories. 

Conclusions: Performance on the DS test may predict performance on the FMS™ and help identify individuals 
who require further musculoskeletal assessment. Further research is needed to determine if DS performance can 
predict asymmetries during the FMS™.

Level of Evidence: Level 3
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INTRODUCTION
Musculoskeletal injury rates in high school and col-
legiate athletics have been reported to be as high 
as 6.6 injuries per 1,000 athlete exposures with the 
highest rates occurring during the pre-season.1-3 It 
has also been reported that over half of musculoskel-
etal injuries occur in the lower extremity.1 Lower 
extremity injuries can have long-term consequences 
such as chronic ankle instability, osteoarthritis, 
and decreased quality of life that can contribute to 
heightened recurrent injury risk, decreased physi-
cal activity and fear of injury with exercise.4-8 Injury 
prevention strategies can be effective at reducing 
the risk of lower extremity musculoskeletal injury, 
however, a one program fits all approach may not 
be the most effective method.9 In order to improve 
the effectiveness of injury prevention programs a 
proper musculoskeletal screening process must first 
be identified; musculoskeletal screening provides a 
means to personalize interventions to target individ-
uals’ specific functional impairments.

The Functional Movement Screen (FMS™) is a 
screening test battery developed to identify specific 
movement dysfunctions that may be related to mus-
culoskeletal injury risk.10,11 This screen consists of 
seven tests that assess mobility, stability, coordina-
tion, and postural control during seven dynamic 
movements.10 These tests include the active straight 
leg raise (ASLR), shoulder mobility (SM), trunk sta-
bility push-up (TSPU), rotational stability (RS), in-
line lunge (ILL), hurdle step (HS), and overhead 
deep squat (DS) (Figure).10 The ASLR, SM, RS, ILL 
and HS tests are performed bilaterally.10 The FMS™ 
may be valuable for identifying injury risk in a vari-
ety of active populations including professional foot-
ball players, firefighters, high school athletes and 
military personnel.10,12,13 Despite the potential value 
of the screen, anecdotal evidence suggests that 
resource constraints prevent widespread use. Time, 
staff, and monetary constraints may prevent health 
care professionals from administering this screen on 
all physically active individuals during pre-partici-
pation physical evaluations (PPE). Due to resource 
constraints, identifying one component of the FMS™ 
that can predict which individuals may perform 
poorly on the entire test, which could function as 
a quick red flag system to identify individuals that 
should undergo full screening, may reduce time con-

straints and improve screening cost-effectiveness, 
allowing more clinicians to administer this tool to 
assess pre-participation musculoskeletal injury risk.

One screening movement that may predict perfor-
mance on the entire FMS™ is the overhead deep 
squat. This component is theorized to be a dynamic 
task that requires mobility and stability at multiple 
joints for correct performance.11,14,15 Individuals who 
perform poorly on an overhead squat task have 
impaired mobility and stability in multiple lower 
extremity joints.16-18 In theory, mobility and stability 
impairments during the deep squat should relate to 
performance on specific mobility and stability FMS™ 
tests such as the ASLR and TSPU, in turn relating to 
total FMS™ performance.14 A recent factor analysis 
also identified the deep squat as a major contributor 
to FMS™ composite score.19 Therefore, the purpose 
of this study was to determine if performance on 
the FMS™ overhead deep squat test predicts perfor-
mance on the entire FMS™. Lower DS scores were 
hypothesized to be related to lower FMS™ composite 
scores. Specifically, individuals who received a DS 
score below 2 would receive an adjusted FMS™ com-
posite score below 12. 

METHODS
This cohort laboratory study was designed to deter-
mine if overhead deep squat test scores could pre-
dict FMS™ composite scores in healthy, collegiate 
athletes. There was one ordinal independent vari-
able, overhead deep squat score, and one ordinal 
dependent variable, FMS™ composite score. The 
variables were considered ordinal because the DS 
score ranges from 0 to 3 and the FMS™ composite 
score ranges from 0-21 with higher scores indicating 
better performances. 

Subjects
Eighty-five females (1.71±0.10 m, 68.66±9.81 kg) 
and eighteen males (1.97±0.10 m, 96.82±10.01 kg) 
participating in National Collegiate Athletic Associa-
tion (NCAA) Division I athletics were included in 
this study. Subjects were included if they were par-
ticipating in football, soccer, basketball, lacrosse, or 
volleyball and were medically cleared to participate 
in athletics at the time of the study. Subjects who 
were recovering from illness, surgery, fractures or 
other musculoskeletal conditions that precluded 
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them from participating in athletic performance 
were excluded from the study. Participants were 
provided information, prior to agreeing to partici-
pate and signed informed consent documents after 
agreeing to participate. This study was approved by 
the university’s institutional review board.    

Procedures
Subjects provided informed consent prior to per-
forming the FMS™ according to previously published 
protocol.10 Each of the seven screening movements 
was scored on a scale from 0-3 with a higher score 
indicating better performance. The score from each 
test was summed to create a composite score rang-
ing from 0-21 with a higher score indicating better 
performance. 

For those tests that were performed bilaterally, the 
lower score of the two sides was counted towards 
the composite score.10 The screen was administered 
by one FMS™-trained certified Athletic Trainer who 
was not blinded to the study objectives and the order 
in which the tests were performed was not random-
ized. The FMS™ has been shown to have fair to 
strong intrarater reliability with intraclass correla-
tion coefficients ranging from 0.77 to 0.95 for nov-
ice and expert testers.20,21 Additionally, the DS test 
has been reported to have good intrarater agreement 
(k = 0.69).21

Statistical Analyses 
The FMS™ composite score in this study did not 
include the DS score to maintain independence of 
observations and therefore an adjusted FMS™ com-
posite score ranging from 0-18 was used for analy-
ses. The DS and adjusted FMS™ composite scores 

were dichotomized into low performance and high 
performance groups based on score. Individuals 
who scored a 0 or 1 on the DS were categorized as 
low performance. A receiver operator character-
istic curve (ROC) was used to determine a cut-off 
value for dichotomizing the adjusted FMS™ com-
posite score. The ROC curve identified a score of 
12 as the best cut-off value for the 18-point adjusted 
FMS™ composite score. As a result, individuals who 
received an adjusted FMS™ composite score below 
12 were categorized as low performance..

A Mann-Whitney U test was used to determine if 
there was a difference in adjusted FMS™ compos-
ite scores between DS performance categories. The 
relationship between DS performance category and 
adjusted FMS™ composite score was determined 
using a Spearman’s rho correlation. A binomial logis-
tic regression was used to determine the odds ratio 
between DS performance category and adjusted 
FMS™ performance category. The alpha level was 
set a-priori at p < 0.05.

RESULTS
Participants were comprised of men’s basketball, 
women’s basketball, and women’s soccer players. 
Number of participants, median adjusted FMS™ com-
posite scores and median DS scores with interquar-
tile ranges (IQR) by sport are reported in Table 1.
Median adjusted FMS™ composite and DS test scores 
with IQR for low and high performance categories 
are reported in Table 2; no individual received a score 
of zero on any individual FMS™ test. Individuals who 
were categorized as low performance as a result of 
the DS test had significantly lower adjusted FMS™ 
composite scores (p < 0.001). Low-performance 

Table 1. Median adjusted FMS™ composite score and overhead deep squat score by sport
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individuals who are more likely to perform poorly 
on the entire FMS™ may help identify individuals 
who are at greater risk of musculoskeletal dysfunc-
tion, and potentially, injury. The use of the DS as 
a simple, time efficient, primary screening tool to 
initially assess general movement dysfunction prior 
to in-depth screening is recommended during PPE 
assessments.

Previous research findings suggest that the FMS™ 
is valuable for predicting injury risk in physically 
active individuals.12,13,22 Despite the potential ben-
efits, anecdotal and research evidence suggests that 
resource constraints and cost-effectiveness concerns 
prevent the FMS™ from being widely administered.23 
Identifying individuals on the DS test who require 
further assessment may indicate a solution to time 
and cost-effectiveness concerns. A time-efficient 
process of approximately one minute per DS test 
versus approximately seven to ten minutes per the 
full FMS™ would expedite a system for identifying 
those who require further assessment. Additionally, 
using the DS as the first test in a hierarchical screen-
ing process to determine which individuals require 
further assessment may improve cost effectiveness 
of subsequent injury prevention programs.23,24

The relationship identified in this study may be 
present because the DS is a dynamic task that is 
believed to require mobility and stability through-

individuals had a median adjusted FMS™ composite 
score of 12 (IQR=3) and high performance individu-
als had a median adjusted FMS™ composite score of 
14 (IQR=2). DS scores were positively correlated 
with adjusted FMS™ composite scores, indicating 
that better DS scores were associated with better 
FMS™ performance (ρ = 0.50, p < 0.001). Addition-
ally, binomial logistic regression identified an odds 
ratio of 3.56 (95% CI: 1.24, 10.23, p = 0.018) between 
adjusted FMS™ composite and DS performance cat-
egories. This suggests that the odds of being catego-
rized as low performance on the FMS™ is 3.56 times 
greater for individuals who were categorized as low 
performance on the DS test. 

DISCUSSION
The main findings of this study indicate there may be 
a clinically meaningful relationship between DS and 
FMS™ composite scores. There is a moderate, posi-
tive correlation (ρ = 0.50) between DS performance 
category and adjusted FMS™ composite score, with 
25 percent of the variance in adjusted FMS™ com-
posite scores explained by DS performance. This 
indicates that better DS scores are related to better 
FMS™ performance overall. The results of this study 
also indicate that the DS test may be able to predict 
performance on the full FMS™ as the odds of scoring 
poorly on the adjusted FMS™ are 3.56 times greater 
for those who scored poorly on the DS. Predicting 

Table 2. Median adjusted FMS™ composite score and overhead deep squat score by performance 
category



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 626

Another potential limitation is that the study sample 
consisted of mostly females, 78.79 percent of sub-
jects in this study were females, and further research 
should examine these relationships in a sample with 
equal numbers of males and females. Although the 
results mostly reflect a relationship between DS 
performance category and FMS™ performance cat-
egory in females, it is not likely that this relationship 
would change if more males were included. Accord-
ing to a study by Abraham et al, FMS™ DS scores 
do not differ between sexes.26 Although Abraham et 
al. identified a significant difference in composite 
scores between sexes with a mean score for males of 
14.9326 and a mean score for females of 14.17,26 the 
FMS™ scoring system does not allow for fractions of 
a point so it is unlikely that this significant differ-
ence is clinically meaningful. Lastly, because the 
relationship between DS score and injury risk was 
not assessed the injury risk prediction capability of 
the DS test is unclear. 

CONCLUSIONS
 The odds of having a low performance adjusted 
FMS™ composite score, defined as a score below 
12 on an 18 point scale, are 3.56 times greater for 
individuals who have a low performance DS score, 
defined as a score below 2. This finding, along with 
a moderate correlation between DS and adjusted 
FMS™ composite scores, indicate that there may be 
a clinically meaningful relationship between DS and 
FMS™ composite scores. Screening all individuals 
with the FMS™ may be impractical given resource 
constraints but the findings of this study may pro-
vide a possible solution. Clinicians who do not have 
the resources to administer the entire FMS™ to all 
patients may find it beneficial to administer the 
overhead deep squat test as an efficient method for 
identifying individuals who require further in-depth 
musculoskeletal injury risk assessment.
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